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 2 
Abstract 25 
The volcanic succession on Montserrat provides an opportunity to examine 26 
the magmatic evolution of island arc volcanism over a ~2.5 Ma period, extending 27 
from the andesites of the Silver Hills centre, to the currently active Soufrière 28 
Hills volcano (February 2010). Here we present high-precision double-spike Pb 29 
isotope data, combined with trace element and Sr-Nd isotope data throughout 30 
this period of Montserrat’s volcanic evolution. We demonstrate that each 31 
volcanic centre; South Soufrière Hills, Soufrière Hills, Centre Hills and Silver 32 
Hills, can be clearly discriminated using trace element and isotopic parameters. 33 
Variations in these parameters suggest there have been systematic and episodic 34 
changes in the subduction input. The SSH centre, in particular, has a greater 35 
slab fluid signature, as indicated by low Ce/Pb, but less sediment addition than 36 
the other volcanic centres, which have higher Th/Ce. Pb isotope data from 37 
Montserrat fall along two trends, the Silver Hills, Centre Hills and Soufrière 38 
Hills lie on a general trend of the Lesser Antilles volcanics, whereas SSH 39 
volcanics define a separate trend. The Soufrière Hills and SSH volcanic centres 40 
were erupted at approximately the same time, but retain distinctive isotopic 41 
signatures, suggesting that the SSH magmas have a different source to the other 42 
volcanic centres. We hypothesize that this rapid magmatic source change is 43 
controlled by the regional transtensional regime, which allowed the SSH magma 44 
to be extracted from a shallower source. The Pb isotopes indicate an interplay 45 
between subduction derived components and a MORB-like mantle wedge 46 
influenced by a Galapagos plume-like source. 47 
 48 
1.1 Introduction 49 
 3 
 50 
The main components which control the composition of volcanic rocks in island 51 
arc settings are the mantle wedge composition, subducted sediment and altered 52 
oceanic crust, with fluids derived from the dehydrating subducting slab causing 53 
melting of the mantle wedge and generation of arc magmas [Gill 1981]. These 54 
magmas may then be modified by interaction with the lithologies within the island arc 55 
crust [e.g. Davidson, 1987, 1996; Thirlwall et al., 1996; Davidson and Wilson, 2011]. 56 
Hence, while analyses of volcanic rocks can provide constraints on the composition of 57 
the mantle that underlies the arc system, the addition of material from the slab (either 58 
due to dehydration fluids or partial melting), or from the crust, can obscure the mantle 59 
signature. Pb isotopes are generally considered to be highly sensitive tracers of the 60 
involvement of oceanic crust and subducted sediment, hence they have been widely 61 
used to study the addition of components to arc volcanic rocks [Miller et al., 1994; 62 
Woodhead, 1989]. There is also recent evidence, however, that mantle heterogeneities 63 
are more clearly expressed in the Pb isotope composition of arc rocks than has been 64 
heretofore recognised [Ishizuka et al., 2003, 2006, 2011; Straub et al., 2009]. 65 
The Lesser Antilles islands are an ideal setting in which to study these processes 66 
as the arc volcanic rocks display a wide range in isotopic and chemical compositions 67 
[White and Dupre, 1986; Davidson, 1987, 1996; Carpentier et al., 2008; Dufrane et 68 
al., 2009; Labanieh et al., 2010]. In particular, there is an along-arc chemical gradient, 69 
with more radiogenic Pb and Sr isotope ratios and lower Nd ratios in the south relative 70 
to the north. These observations have been used to infer a greater influence of the 71 
sediment component relative to that of hydrous fluids towards the south 72 
[Hawkesworth and Powell, 1980; White and Dupre, 1986; Davidson, 1987; Turner et 73 
al., 1996], but whether this is added as a crustal assimilant or sediment from the slab 74 
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can vary from island to island. For example, Dufrane et al. [2009] and Labanieh et 75 
al., [2010] recently invoked partial melt of sediments as a mechanism to explain the 76 
isotopic range for the arc, but the different volcanic islands, and different centres 77 
within individual islands, also show different fractionation histories [Thirlwall et al., 78 
1996; Heath et al., 1998], indicating that the factors that control magma compositions 79 
(such as water concentrations in the source rocks and magma ascent rates) vary on the 80 
scale of tens of kilometres [Macdonald et al., 2000]. Thus, while variations in 81 
magmatic sources have been observed within individual arc volcanic centres 82 
[Thirlwall et al., 1996; Ishizuka et al., 2006], the mechanism by which they are 83 
generated remains enigmatic. 84 
In this study we have sought to address this problem by examining the 85 
geochemical and isotopic evolution of volcanic activity on the island of Montserrat, in 86 
the northern part of the Lesser Antilles arc. In particular, this study aims to determine 87 
whether or not volcanic regions on Montserrat be discriminated by their chemical 88 
composition. If so, is there an evolutionary trend of the magmas over time, and what 89 
implications does this have for our understanding of the current eruptions on 90 
Montserrat? Further, do the processes on Montserrat reveal information about the 91 
wider controls over the composition of arc volcanism in the Lesser Antilles? 92 
To this end, we present new trace element, Sr, Nd and high-precision double spike 93 
Pb isotope data extending from the ~2 Ma andesites of the Silver Hills Complex 94 
through to the youngest dome collapse of the Soufrière Hills volcano (February 2010). 95 
In addition to subaerial exposures, we have collected volcanogenic samples from 96 
marine sediment cores, as significant volumes of pyroclastic material have been 97 
transported offshore Montserrat [Le Friant et al., 2009]. 98 
 99 
 5 
1.2 Geological setting 100 
 101 
The 750 km long Lesser Antilles island arc (Fig. 1a) was formed by the westward-102 
dipping, slightly oblique, subduction of the North American plate beneath the 103 
Caribbean plate, with a convergence rate of ~2 cm/yr [Wadge, 1984; Demets et al., 104 
2000; Feuillet, 2000]. The Caribbean plate is thought to have moved eastwards to its 105 
present site from an original location in the Pacific, where it may have been generated 106 
over the Galapagos hotspot 100-75 Ma ago [Pindell and Barrett, 1990].  It was then 107 
inserted between the North American and South American plates sometime between 108 
the Late Campanian and Late Eocene [Pindell and Barrett, 1990]. A subduction zone 109 
developed at its leading edge, with arc volcanism initiating at ~40 Ma [Briden et al., 110 
1979; Bouysse et al., 1990]. To the north of Martinique, the arc is divided into two 111 
chains of islands (Fig. 1). The eastern, inactive, chain is older, with thick carbonate 112 
platforms covering a volcanic basement. Tectonic adjustments during the Mid-113 
Miocene modified the orientation of the northern subducting slab, causing migration 114 
of the volcanic front to the west and the initiation of a new active arc [Bouysse et al., 115 
1990]. This western chain consists of volcanic rocks younger than 20 Ma (Volcanic 116 
Caribbees) and includes all the active volcanoes [Bouysse et al., 1990]. The southern 117 
part of the active arc extends from Martinique to Grenada, and commonly contains 118 
Pliocene and Quaternary volcanic units superimposed over pre-Miocene volcanics and 119 
sedimentary units [Maury et al., 1990]. The Benioff zone dips ~45
o
 westward beneath 120 
the northern part of the arc [Wadge and Shepherd, 1984] and the hypocentres of 121 
earthquakes and receiver function analysis suggest a crustal thickness of ~30 +/- 4 km 122 
for the northern part of the arc [Wadge, 1984; Sevilla, 2010]. Seismic studies indicate 123 
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that the subducted oceanic slab is segmented into three main parts with differing dips 124 
and slip vectors [Wadge and Shepherd, 1984]. 125 
Montserrat is located on the northern section of the Lesser Antilles arc, overlying 126 
crust that is no more than 30 km thick, and an asthenospheric mantle wedge that 127 
extends to 130 km depth [Wadge and Shepherd, 1984]. The subaerial part of 128 
Montserrat is ~160 km
2
 and is made up almost exclusively of volcanic rocks (Figure 129 
1b). Harford et al. [2002] divided Montserrat into three different regions based on Ar-130 
Ar geochronology: Silver Hills (2600-1200 ka), Centre Hills (950-550 ka) and the 131 
South-Soufrière Hills (SSH)-Soufrière Hills complex (174 ka to the present) (Figure 132 
1b). They noted a pattern of ageing northwards suggesting a stationary magmatic 133 
source and migration of the plate. This migration away from the trench has been 134 
interpreted to be related to response of the down-going slab to growth of the 135 
accretionary prism [Wadge, 1984]. The majority of volcanics on Montserrat are 136 
andesitic, but the SSH volcanic centre comprises basalts and basaltic andesites 137 
[Harford et al., 2002]. Mafic lavas are also found as inclusions within the andesites of 138 
the Silver Hills, Centre Hills and Soufrière Hills [Rea, 1970; Zellmer et al., 2003]. 139 
The most recently active volcanic centres, Soufrière Hills and South Soufrière 140 
Hills, were the focus of the study by Zellmer et al. [2003], who concluded that the 141 
source magmas of the volcanic centres were enriched by slab fluid and small amounts 142 
(~1.2 %) of sediment, based on major and trace elements and U, Th and O isotopes. 143 
Differing degrees of fractionation have been suggested as a cause of some of the 144 
chemical variance between the two volcanic centres, with SSH thought to be derived 145 
from an open system, in which the magmatic system is constantly replenished, 146 
whereas Soufriere Hills volcano is thought to be dominated by closed system, more 147 
extensive, magmatic fractionation [Zellmer et al. 2003]. The petrological and 148 
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geochemical characteristics of the magmas also change with age in the SSH-Soufriere 149 
Hills complex. Samples older than 150 ka are dominated by two-pyroxene andesites, 150 
whereas, all samples younger than 110 ka are hornblende-hypersthene andesites. This 151 
compositional change coincides with the age of SSH volcanism (~130 ka), hence the 152 
mineralogical transition appears to have followed an interlude of mafic volcanism 153 
[Harford et al., 2002]. 154 
Active volcanism is concentrated at the Soufriere Hills volcano (1995 - present) 155 
and is characterised by andesitic dome growth and collapse events, producing 156 
pyroclastic flows and vulcanian eruptions [Young et al., 1998; Robertson et al., 2000]. 157 
The current period of activity (1995-2010) has consisted of 5 phases of extrusion: 158 
Phase 1, 1995-1998, Phase 2, 1999-2003, Phase 3, 2005-2007, Phase 4, 2008 and 159 
Phase 5, 2009-2010 [Source: Montserrat Volcano Observatory - http://www.mvo.ms]. 160 
The flanks of the Soufriere Hills volcano are composed of pyroclastic deposits and its 161 
core is formed of five andesitic lava domes; Gages Mountain, Chances Peak, Galways 162 
Mountain, Perches Mountain and the site of new lava eruptions that is superimposed 163 
on an older dome, Castle Peak (Fig. 1b). Uplifted areas include Garabaldi Hill, 164 
Roche’s bluff, Richmond Hill and St Georges Hill, but it is uncertain as to which 165 
volcanic centres these uplifted sections belong. 166 
 167 
2. Methods 168 
2.1 Sample acquisition  169 
A research cruise of the RRS James Clark Ross (May 2005 – P.I. RSJ Sparks) 170 
sampled submarine volcanic deposits using a vibrocore system developed by the 171 
British Geological Survey. The vibrocores used in this study were taken to the south 172 
and west of Montserrat, ~8-13 km from shore (Fig. 1c) JR123-11 sampled material 173 
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from the crater of the Kahouanne submarine volcano. Subaerial samples taken from 174 
the four volcanic centres by Harford et al., [2002] study were also analysed, together 175 
with supplementary samples taken during fieldwork on Montserrat. Samples from the 176 
Montserrat Volcano Observatory (MVO) database were used for analysis, they 177 
included rocks recovered from Redonda island and samples from the recent eruptions 178 
(1995 to present). 179 
2.2 Analytical techniques 180 
Major elements were analysed in the subaerial samples by X-ray Fluorescence 181 
(XRF) analysis of glass beads prepared by fusion of a mixture of subsamples of 0.5 g 182 
and lithium tetraborate in a ratio of 1:10. Analysis was undertaken using Philips 183 
Magix Pro WD-XRF at the National Oceanography Centre (NOC), Southampton, UK.  184 
Error and external accuracy was generally <2% (Table 1). 185 
Samples for trace element and isotopic analysis were prepared in a clean 186 
laboratory suite at NOC. Submarine core samples were cleaned using 18MΩ ultrapure 187 
H2O, sonicated for ten minutes and then dried overnight in an oven at 70
o
C.  The 188 
submarine samples were then passed through Teflon sieves (500 μm), and handpicked 189 
under a binocular microscope. The picked samples were then pulverized using an 190 
agate mortar. REE, Rb, Sr, Y, Zr, Nb, Cs, Ba, Hf, Pb, Th and U concentrations were 191 
determined by ICP-MS at the NOC on a VG Plasmaquad PQ2+ instrument.  192 
Reproducibility is better than ±4% (RSD.) for the REE, Rb and Nb, and better than 193 
±6% (RSD) for other elements. The precision of the elemental ratios is better than 194 
±1% (RSD). 195 
Nd, Sr and Pb isotopic compositions were determined on 200 mg of hand-picked 196 
rock chips with a grain size of 0.5-1 mm.  The rock chips were leached in 4ml of 6 M 197 
HCl at 140°C in sealed Teflon pots for 1-2 hours prior to dissolution in HF-HNO3 for 198 
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24 hours on a hot plate at 130
o
C. The samples were evaporated until dry, before 199 
adding a further 0.5 ml of concentrated HCl and 0.5 ml of concentrated HNO3 to the 200 
samples and evaporating until dry after each addition.  For Pb analysis, 1.5 ml of 201 
hydrobromic (HBr) was added to the residue, the Teflon pot lid was replaced and the 202 
vessels placed on a hotplate for 1 hour.  The contents were then centrifuged for 5 203 
minutes to produce a supernatent suitable for column chemistry.  Isolation of Pb from 204 
the matrix was performed using AG1-X8 200-400 mesh anion exchange resin.  The 205 
procedural blanks measured with the samples contained <50 pg of Pb.  Pb isotope 206 
analyses were conducted on a VG Sector 54 thermal ionisation mass spectrometer and 207 
MC-ICPMS (Neptune and GV IsoProbe) at NOC.  Both TIMS and MC-ICPMS 208 
techniques utilized the double spike technique to correct instrumental bias using a 209 
method outlined by Ishizuka et al. [2003].  Pb standard NBS 981 gave results, 210 
16.9404 ±32 (2SD) for 
206
Pb/
204
Pb, 15.4982 ±30 for 
207
Pb/
204
Pb and 36.7225 ±85 for 211 
208
Pb/
204
Pb for TIMS and 16.9403 ±27 for 
206
Pb/
204
Pb, 15.4973 ±21 for 
207
Pb/
204
Pb 212 
and 36.7169 ±66 for 
208
Pb/
204
Pb for MC-ICP-MS. 213 
For Sr analysis, the Pb residue was evaporated and dissolved in 3M HNO3.  The 214 
Sr was isolated using Sr resin (Eichrom Industries, Illinois, USA).  For Nd isotopic 215 
analysis, the REE were initially separated by cation exchange, before isolating Nd on 216 
Ln resin (Eichrom Industries, Illinois, USA) columns.  Sr and Nd isotope ratios were 217 
measured on a nine-collector VG Sector 54 mass spectrometer, as the average of 150 218 
ratios.  Reported values are the average of 150 ratios obtained by measuring ion 219 
intensities in multidynamic collection mode normalized to 
86
Sr/
88
Sr = 0.1194 and 220 
146
Nd/
144
Nd = 0.7219.  Measured values for NBS SRM-987 and JNdi-1 were 
87
Sr/
86
Sr 221 
= 0.710297 ± 19 (2 SD, n =58) and 
143
Nd/
144
Nd = 0.512096 ± 7 (2 SD, n = 64) during 222 
the measurement period. The Sr and Nd isotopic data presented here have been 223 
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normalized to NBS SRM-987 (0.710248) and JNdi (0.512110). All the data used in 224 
this study are presented in Tables 1 and 2. 225 
 226 
3. Results 227 
3.1 Provenance of Montserrat volcanics 228 
 229 
The elemental and isotopic indices used to discriminate between the volcanic 230 
centres on Montserrat are illustrated in Figure 2 and listed in Tables 1 and 2. Despite 231 
covering ~2 Myr of volcanic development, the Silver Hills and Centre Hills centres 232 
are essentially indistinguishable in trace element space, but have lower Ba/La 233 
compared to the Soufriere Hills magmas (Fig. 2b). The SSH samples can be clearly 234 
differentiated from the other centres as they are displaced to lower Th/La and Zr/Er 235 
and higher Ba/La and Sr/La (Figs. 2a and 2b). Additionally, the SSH can be further 236 
separated into Suite A and Suite B, with the former having higher Zr/Er and lower 237 
Ba/La and Sr/La (Figs. 2a and 2b). The submarine samples can be confirmed as 238 
originating from the SSH volcanic centre, as their lithological and geochemical 239 
characteristics exactly match the sub-aerial material [Cassidy et al., in press]. On 240 
chondrite-normalised REE plots (Fig. 2 c) the Silver Hills and Centre Hills samples 241 
have the highest REE abundances, but display similar LREE enrichments to the 242 
Soufriere Hills samples. The Silver Hills and Centre Hills samples are also marked by 243 
the presence of both positive and negative Eu anomalies that are not so well-244 
developed in samples from Soufriere Hills and SSH.  The SSH samples tend to have 245 
lower REE concentrations than the other volcanic centres, with the Suite B samples 246 
showing the lowest concentrations. In general, the SSH samples are less LREE 247 
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enriched than the Silver Hills, Centre Hills and  Soufriere Hills samples, with the 248 
Suite B samples showing the flattest REE patterns.  249 
In Pb isotope space the Silver Hills and Centre Hills volcanics form a tight 250 
grouping with the highest 
206
Pb/
204
Pb (Figs. 2c and 2d). All Soufriere Hills samples 251 
have lower 
206
Pb/
204
Pb (<19.03) than the Silver Hills and Centre Hills and higher 252 
206
Pb/
204
Pb than the SSH samples, which have the lowest 
206
Pb/
204
Pb of all the 253 
volcanic centres. Again, the SSH samples can be clearly separated into Suites A and B 254 
in these Pb isotope plots, with Suite B having a less radiogenic signature and lower 255 
Δ7/4Pb and Δ8/4Pb  than Suite A. Two samples from the island of Redonda (which 256 
lies ~30 km NW of Montserrat; Fig. 1) have been measured for Pb isotopes: sample 257 
RED1 from this study and sample R8202 from Thirlwall [2000]. These samples have 258 
a Pb composition that is identical to SSH Suite B. Kahouanne volcano, a submarine 259 
volcanic edifice located 25 km south east of Montserrat, plots among the SSH Suite A 260 
samples (Fig. 2). 261 
The Pb isotope plots also show that the different volcanic centres fall on two 262 
distinct vectors. The Soufriere Hills, Centre Hills and Silver Hills samples lie on the 263 
general trend defined by the Lesser Antilles volcanics, whereas the SSH Suites A and 264 
B define a separate vector (SSH trend). In both Δ7/4Pb and Δ8/4Pb versus 206Pb/204Pb 265 
plots, the SSH suites have sharply increasing Δ7/4Pb and Δ8/4Pb with higher 266 
206
Pb/
204
Pb.  In contrast, the Silver Hills, Centre Hills and Soufriere Hills volcanics lie 267 
on a vector that has a shallower slope of Δ7/4Pb and Δ8/4Pb relative to 206Pb/204Pb.  268 
 269 
3.2 Geochemical time series 270 
 271 
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Many of the samples used in this study have been dated by the 
40
Ar/
39
Ar method 272 
[Hartford et al., 2002], but for the other samples dates are relative, having been 273 
assigned according to stratigraphic relationships. The relative ages of the volcanic 274 
centres determined by Harford et al., [2002] shows Silver Hills to be the oldest 275 
volcanic centre, followed by Centre Hills, then Soufriere Hills with an interlude of the 276 
SSH at ~130 ka. The pre-SSH Soufriere Hills samples considered in this study either 277 
pre-date the SSH period of volcanism (128 ± 27 ka  to 131 ± 7 ka) defined by Ar-Ar 278 
dating [Harford et al., 2002], or have been sampled from sites where the Soufriere 279 
Hills units are stratigraphically overlain by the SSH volcanics. As noted above, we 280 
have identified two suites within the SSH, with the Suite B overlying Suite A in the 281 
stratigraphy, making Suite A the oldest SSH unit. The rest of the Soufriere Hills 282 
samples post-date the SSH volcanics and include the five phases of the current period 283 
of activity (1995-2010). 284 
 285 
3.2.1 Trace elements 286 
 287 
Fluid mobile/REE ratios such as Ba/La show a gradual increase from the lower 288 
ratios in Silver Hills and Centre Hills samples to the highest ratios in Suite B in SSH 289 
(Fig. 3). The Soufriere Hills volcanics have generally lower Ba/La than the SSH 290 
volcanics. These trends are mirrored by Ce/Pb ratios, which show that the SSH has 291 
the lowest ratios, relative to the other volcanic centres. LREE/MREE ratios such as 292 
(La/Sm)N are generally highest in the Soufriere Hills samples, with SSH exhibiting 293 
the least REE fractionation. This pattern is similar to Th/Ce ratio variations, where the 294 
SSH samples generally have the lowest Th/Ce in comparison to the other volcanic 295 
centres. In contrast, High Field Strength Element (HFSE) ratios such as Nb/Zr remain 296 
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relatively constant with time, with slightly lower but variable values for the SSH and 297 
then increasing values in the post-SSH Soufriere Hills samples, which exhibit the 298 
highest Nb/Zr ratios of the volcanic centres. 299 
Samples from the each of 5 most recent eruptive phases of the 1995-2010 activity 300 
period have also been analysed, including a mafic enclave and andesite sampled from 301 
the eruption on 11
th
 February 2010, and are included together with data from Zellmer 302 
et al., [2003] (Fig. 3). There are no clear trends in the Ba/La, Ce/Pb, (La/Sm)N and 303 
Nb/Zr ratios over this 15 year time series, but the mafic enclaves have generally lower 304 
and less variable Ba/La, Ce/Pb and (La/Sm)N ratios compared to the whole rock 305 
andesites. The whole rock andesites exhibit a slight decrease in Th/Ce ratios from 306 
Phase 1 (1995-1998) to Phase 5 (2009-2010), a trend that draws their composition 307 
similar to the Th/Ce ratios of the mafic enclaves, but these trends are based on a 308 
limited data set, so it is difficult to discern the significance of this observation. 309 
 310 
3.2.2 Isotopic time series 311 
 312 
Sr, Nd and Pb isotopes are reported in Table 2 and plotted in Figures 4 to 7, to 313 
examine how the isotopic composition changes through time. The Pb isotope 314 
parameters have a consistent evolution throughout the volcanic history of Montserrat 315 
(Fig. 4). 
206
Pb/
204
Pb, Δ7/4Pb and Δ8/4Pb are highest in the Silver Hills and Centre 316 
Hills, which decrease in the Soufriere Hills with a further decrease in SSH Suite A 317 
samples, to the lowest ratios in SSH Suite B. The Pb isotope ratios shift back to higher 318 
values in the post-SSH and Soufriere Hills samples. 319 
In contrast, the Sr isotope data (Figure 4e) do not show any clear evolutionary 320 
trends and display a limited range in 
87
Sr/
86
Sr ratios (0.70354-0.70368) (Fig. 4). The 321 
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Nd isotope data do not show such clear trends as the Pb data, possibly because fewer 322 
samples were analysed, but they mirror the Pb isotopes data to some extent (Fig. 4). 323 
The Silver Hills have high 
143
Nd/
144
Nd, which decreases with time to the Centre Hills. 324 
The pre-SSH Soufriere Hills samples have higher Nd isotopic values than Centre Hills 325 
and this increasing trend continues to the SSH, with Suite B having the highest Nd 326 
isotope ratios of all the volcanic centres. The 
143
Nd/
144
Nd ratios then drop again in the 327 
post-SSH, Soufrière Hills volcanics. The isotope data for samples from the most 328 
recent phases of eruptive activity (1995-2010) show a relatively limited range in all 329 
isotope ratios (Fig. 4).  330 
 331 
4. Discussion 332 
4.1 Montserrat and shallow level contamination 333 
 334 
The Montserrat volcanics show no obvious correlation between their Pb isotope 335 
ratios and SiO2 concentrations, hence the variations in Pb isotope compositions are 336 
unlikely to be controlled by shallow level crustal contamination during crystallisation 337 
(Fig. 5). Indeed, the SSH samples, which have the least radiogenic Pb ratios, comprise 338 
basalts, andesites and dacites. In addition, Sr and Nd isotopes do not show any 339 
relationship with SiO2 (Fig. 5). Again, this implies that crustal contamination is not a 340 
significant factor influencing the isotopic composition of magmatic rocks at 341 
Montserrat. This appears to contrast with the southern and central islands of the 342 
Lesser Antilles such as Martinique, which clearly show evidence for open-system 343 
differentiation as evidenced by strong correlations between SiO2 and Sr, Nd and Pb 344 
isotopes [Davidson and Wilson, 2011]. Additionally, most of the rocks chosen for this 345 
study have <65 wt% SiO2 (Table 1) and so would be less likely to exhibit signs of 346 
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crustal assimilation [e.g. Davidson et al., 1996]. Indeed, He-O-Sr isotope analyses of 347 
Lesser Antilles arc suggest that while crustal contamination is common in southern 348 
islands such as Grenada, it is far more limited in more northerly locations such as 349 
Montserrat [Van Soest et al., 2002]. The rocks used in this study are not direct melts 350 
from the mantle, with MgO values generally <5% (Table 1), suggesting that small 351 
amounts of differentiation have occurred. In addition, some degree of assimilation 352 
must have occurred during magma evolution. However, the contribution of 353 
assimilation to the rock compositions used in this study is minor, and does not appear 354 
to disturb the isotopic relationships.  355 
 356 
4.2 Age relations of the volcanic centres 357 
 358 
As is apparent from the discussion above, Pb isotopes are the most sensitive tool 359 
for discriminating between the geochemical compositions of the volcanic centres on 360 
Montserrat. A closer examination of these data show that although most samples 361 
exposed at the SSH and dated between 128 ± 27 ka  to 131 ± 7 ka [Harford et al. 362 
2002] belong to Suite A and B of the SSH, one sample found at the SSH (MVO 136) 363 
and dated at ~130 ± 5 ka, falls within the field defined by the Soufrière Hills centre. 364 
Subsequent field sampling and stratigraphic analysis in this study have demonstrated 365 
that the basal volcanic units exposed at the SSH belong to the Soufrière Hills isotopic 366 
field, suggesting that the Soufrière Hills and SSH volcanic centres were active at the 367 
same time. 368 
Pb isotopic analyses also show that samples from Roche’s Bluff and Richmond 369 
Hill fall within the field defined by the Silver Hills and Centre Hills province, whereas 370 
those from Garabaldi Hill and St Georges Hill clearly belong to the Soufriere Hills 371 
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geochemical province (Table 2, Fig. 2). This observation suggests that samples from 372 
Garabaldi Hill dated at 282 ± 8 ka [Harford et al. 2002] may be the oldest rocks 373 
associated with the Soufriere Hills volcanic centre, and extends the lower age limit of 374 
the Soufrière Hills volcanic period from 174 ka to 282 ka. The Pb isotope analyses 375 
also confirm that the mafic enclaves present within the Soufrière Hills lavas – and 376 
often claimed to be a trigger for eruptions [Devine et al., 1998; Murphy 1998, 2000], 377 
match the Soufrière Hills isotopic signature and differ from that of the SSH volcanic 378 
centre. 379 
 380 
4.3 Geochemical evolution of Montserrat  381 
 382 
The REE trends for Silver Hills, Centre Hills and Soufriere Hills are typified by 383 
LREE enrichment and both positive and negative Eu anomalies (Fig. 2c). These 384 
features indicate that both amphibole and plagioclase were present in the mineral 385 
fractionation assemblage [Bottazzi et al., 1999; Blundy and Wood, 2003]. The LREE 386 
enrichment may reflect sediment addition to the mantle wedge, which is supported by 387 
a negative correlation between (La/Sm)N and 
143
Nd/
144
Nd (Fig. 6) and is consistent 388 
with the bulk Lesser Antilles sediment composition, which has low 
143
Nd/
144
Nd 389 
values [Plank and Langmuir, 1998; Carpentier et al., 2008]. Smaller degrees of 390 
melting would also increase the more incompatible LREE concentrations, but would 391 
not vary the 
143
Nd/
144
Nd values. The relative lack of MREE to HREE trough-shaped 392 
patterns in the SSH magmas suggests amphibole did not play a significant role in any 393 
fractional crystallisation evolution of the magmas and is supported by petrological 394 
observations [Harford et al., 2002; Zellmer et al., 2003]. Additionally, the lack of 395 
pronounced Eu anomalies within the SSH samples suggests that olivine and pyroxene 396 
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played a more important role in the fractional crystallisation evolution of these 397 
magmas relative to role played by plagioclase in the other Montserrat centres. 398 
Fluid mobile elements ratios such as Ba/La and Ce/Pb have been used to infer the 399 
presence of an altered oceanic slab fluid contribution to the magma source [Brenan, 400 
1995a, 1995b]. Ba/La ratios are elevated and Ce/Pb ratios are slightly depleted in the 401 
SSH suites (Figures 3a and 3b)., suggesting that there was a higher slab-fluid 402 
contribution to the SSH magma source region compared to the other volcanic centres. 403 
This hypothesis accords with observations by Zellmer et al. [2003] based on 404 
variations in U/Th ratios. The relatively high Ba/La ratios and low Ce/Pb in the SSH 405 
samples is, however, also a reflection of the lower LREE enrichment in these samples 406 
relative to the other volcanic centres. Indeed, the Soufriere Hills samples generally 407 
have higher Ba concentrations than the SSH (Table 1), which suggests that their 408 
source regions were also influenced by a slab-fluid contribution. 409 
Th and Ce are not strongly partitioned in the subduction fluid, but are likely to be 410 
selectively introduced to the mantle wedge by sediment or sediment melt addition. In 411 
particular, Th/Ce ratios elevated above typical sedimentary values may reflect 412 
sediment melt leaving the subducting slab [Brenan et al., 1995b; Hawkesworth et al., 413 
1997; Elliott et al., 1997; Plank, 2005]. The higher Th/Ce found in the Silver Hills, 414 
Centre Hills and Soufriere Hills centres (Fig. 3d) suggests a greater sediment 415 
component in their source compared to the SSH samples, which have generally lower 416 
Th/Ce values.   417 
HFSE ratios, such as Nb/Zr, are considered to be the elements least affected by 418 
sediment addition [Woodhead et al., 1993], and these elements are not readily 419 
transported in fluids [Tatsumi et al., 1986], hence they should be less affected by the 420 
slab fluid component and sediment addition. The HFSE compositions should, 421 
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therefore, provide some constraints on depletion of the mantle wedge. The 422 
observations that Nb/Zr shows no significant variation between the volcanic centres 423 
and over time (Fig. 3e) reaffirms that this ratio is not affected by slab components. 424 
Furthermore, it implies that the mantle wedge below Montserrat has remained 425 
relatively constant in composition over time.  426 
The geochemical time series of the current period of Soufrière Hills activity 427 
(1995-2010) shows that the Pb isotope compositions have been stable over this time 428 
period (Figs. 4a, 4b & 4c), which suggests that these volcanic products have a similar 429 
petrogenesis through this time (including stable sediment and slab fluid 430 
contributions). Somewhat wider variations in Nd isotope ratios (Fig. 4d) may reflect 431 
mixing between the andesitic magmas and mafic enclaves. Indeed, Barclay et al. 432 
[2010] note that there is an increase in the proportion of mafic enclaves from Phase 1 433 
(1995-1998) to Phase 3 (2005-2007) and the Phase 3 samples have the lowest Nd 434 
isotope values and are similar to the mafic enclaves. 435 
The Silver Hills, Centre Hills and Soufrière Hills volcanic centres have a limited 436 
range of isotopic compositions, suggesting that the magma source region to these 437 
volcanic centres remained relatively constant for ~2 Myr.  Alternatively, the magma 438 
plumbing beneath these centres may have efficiently homogenised any incoming 439 
heterogeneities. However, the interlude at ~130 ka of dominantly basaltic and basaltic 440 
andesite erupted from the SSH volcanic centre shows a distinct deviation to less 441 
radiogenic Pb isotope compositions (Fig 4a). This trend is mirrored to a lesser extent 442 
in the Nd isotope ratios, which show high 
143
Nd/
144
Nd in Suite B samples (Fig. 4d). 443 
These observations suggest that either the composition of the magma source region 444 
significantly changed over a short time scale or that a particular source heterogeneity 445 
escaped the blending effect of the main Montserrat reservoir in this period. SSH 446 
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Suites A and B lie along the same isotopic trend, and this trend does not pass through 447 
the other three groups (Figs. 2 and 8). Consequently, mixing or assimilation of 448 
material from the Soufriere Hills centre with SSH magmas does not appear to have 449 
occurred. Rather, we propose that SSH represents a distinct magmatic episode. Within 450 
this period Suite A, with the more radiogenic Pb isotope ratios, marks an initial phase 451 
with a higher subducted sediment contribution relative to slab fluid than is observed in 452 
the later Suite B, which has generally higher Ba/La values (Fig. 2b).  453 
 454 
4.4 Slab and sediment contributions  455 
 456 
The evidence above indicates there are clear trace element and isotopic differences 457 
between the SSH samples and those from the other volcanic centres on Montserrat; 458 
particularly apparent in the Pb-Pb plots (Fig. 2 and 7). The isotope systematics 459 
support the hypothesis that Montserrat magmas, and in particular the SSH magmas, 460 
are generated by mixing an enriched mantle source, supplemented by subducted 461 
sediment addition (Fig. 7). 462 
The Lesser Antilles and SSH trends highlighted in Fig 2 are plotted with the Pb 463 
isotope data from other islands on the Lesser Antilles (Fig. 7). Whilst the Silver, 464 
Centre and Soufriere Hills volcanic centres are effectively co-linear with these other 465 
islands, the SSH trend deviates markedly, particularly in 
206
Pb/
204
Pb-Δ8/4Pb (Fig. 7 466 
b). In both Pb plots (Fig 8a and 8b) the SSH trend marks a projection between the 467 
average Lesser Antilles sediment compositions and an enriched mantle source that is 468 
not seen in the combined grouping of the other Montserrat suites and the other central 469 
and northern Lesser Antilles (Fig. 7). The two alignments may, therefore, be the result 470 
of variable amounts of sediment and slab fluid addition, as evidenced by the trace-471 
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element trends (Fig. 3). In this hypothesis, the Soufriere Hills, Centre Hills and Silver 472 
Hills lie on a trend reflecting more sediment addition from the slab, perhaps in the 473 
form of a partial melt, compared to the SSH magmas. This higher sediment 474 
component draws the Silver Hills, Centre Hills and Soufriere Hills magmas to more 475 
radiogenic Pb isotope compositions, and is supported by the higher Th/Ce ratios and 476 
LREE enrichments observed for these volcanic centres relative to the SSH. 477 
In Fig. 8 we use end member components from Dufrane et al. [2009] and trace 478 
element - isotope plots to assess the likely components involved with the generation 479 
of magmas at Montserrat. In a plot of Th/Nd versus 
143
Nd/
144
Nd (Fig. 8a), the SSH 480 
samples lie closer to the Galapagos mantle source than the other Montserrat volcanics, 481 
and show a slight negative correlation, suggesting mixing of enriched mantle and 482 
small amounts of sediment. Montserrat volcanics form a shallower gradient than the 483 
SSH, suggesting mixing with a source with higher Th/Nd than bulk sediment. This is 484 
potentially consistent with partial melting of subducted sediment which would raise 485 
the more incompatible Th relative to Nd. In addition, the Th/Nd against 
207
Pb/
204
Pb 486 
plot (Fig. 8b) shows Montserrat samples projecting towards a sediment melt 487 
component. By modelling mixing between fluid, melt and mantle components (Figure 488 
8a and 8b), it seems highly likely that partial melt of North Antilles sediment is 489 
providing the high Th/Nd values in the Montserrat magmas. 5-10% of bulk sediment 490 
addition or 60% of altered oceanic crust fluid is required to re-produce the high Th/Nd 491 
values found in the Soufrière Hills samples. Instead only 1-3% of partial melted 492 
sediment is required to replicate the high Th/Nd samples, which is in good agreement 493 
with Zellmer et al. [2003] who estimated a ~1.2% sediment enrichment as a partial 494 
melt. Less sediment addition is required for the SSH magmas (~0.5%). Along the 495 
length of the Lesser Antilles, partial melting of sediments has been suggested to 496 
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explain the wide isotopic variations, particularly with respect to the southern and 497 
central islands [Dufrane et al., 2009; Labanieh et al., 2010].  498 
As discussed previously, the SSH suites are thought to comprise a greater slab 499 
fluid component, this is supported by the Ce/Pb vs. 
207
Pb/
204
Pb plot (Fig. 8c) where 500 
SSH magmas lie closer to the oceanic crust fluid end member than the rest of the 501 
Montserrat volcanics. Most of the Montserrat samples (including SSH) sit between 502 
slab fluid and bulk sediment addition, although some samples, particularly in the 503 
Silver Hills, Centre Hills and Soufrière Hills volcanic centres have elevated 504 
207
Pb/
204
Pb values, which may represent higher amounts of partially melted sediment. 505 
This highlights that the main difference between the SSH and the other volcanic 506 
centres is primarily controlled by variable sediment input and the manner with which 507 
it has been added (i.e. bulk sediment addition or partial melting of sediments). The 508 
SSH magmas are less enriched by sediment addition and have a greater slab fluid 509 
signature than the rest of the volcanic centres. However as the models show, the 510 
Montserrat and SSH magmas do not follow two component mixing lines, and are 511 
likely to reflect successive interaction between at least three components. For 512 
instance, an altered oceanic crust component may be required to reproduce the lower 513 
207
Pb/
204
Pb and higher 
143
Nd/
144
Nd observed at Montserrat relative to other islands of 514 
the Lesser Antilles (Figures 8a, 8b and 8c).  515 
 516 
4.5 Co-existence of two magmatic sources for Montserrat at ~130 ka 517 
 518 
The differences between the Pb isotope and other geochemical characteristics of 519 
the SSH and rest of volcanic centres on Montserrat suggests they were generated from 520 
sources with distinct compositions arising from variations in the relative contribution 521 
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of sediment and fluid components derived from the subducted slab. It is likely, 522 
therefore, that the SSH magmas and the other Montserrat magmas were generated 523 
from different depths. The Silver Hills, Centre Hills and Soufriere Hills magmas 524 
require a sediment partial melt component, so they may be sourced from deeper (i.e. 525 
hotter) depths (ca. >100 km) [Syracuse and Abers, 2006], above the solidus for 526 
sediments; ca. >700
o
C [Hermann and Spandler, 2008], whereas the SSH magmas 527 
may be derived from shallower depths where temperatures are too low to melt 528 
sediment. In this case, slab-fluid dehydration is the dominant component being added 529 
to the mantle wedge (Fig. 9). 530 
The nature of the mechanism responsible for changes in melting depth is uncertain 531 
at this time, but there is evidence that this process is not confined to Montserrat as 532 
shown by the Pb isotope composition of Redonda and Kahouanne volcanoes, which 533 
plot within the fields and trend defined by the SSH Suite B and SSH Suite A 534 
respectively. Although Redonda and Kahouanne are located >30 km and >20 km 535 
respectively from the SSH, with no visual fault network connecting them [Feuillet et 536 
al., 2010; Fig. 1), their similar Pb isotope systematics to SSH may be a reflection of a 537 
more regional pathway for SSH magmas in the area. The northern part of the Lesser 538 
Antilles arc is influenced by transtensional forces, leading to internal deformation 539 
caused by the oblique subduction of the North American plate (Fig.1); [Feuillet, 2000; 540 
Feuillet et al., 2010]. Due increased shear stresses in the north, slip rates along the 541 
inner arc faults are higher and large to moderate earthquakes are more frequent 542 
[Feuillet at al., 2011]. An example of these forces is provided by the Montserrat-543 
Bouillante graben (Fig. 1c), which is the expression of a sinistral transtensional fault 544 
striking at 140-160
o
, that links Montserrat and Guadeloupe [Feuillet et al., 2010]. 545 
Structures parallel to this fault are observed in the bathymetric data (Fig. 1c) and in 546 
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seismic traces of magma movements at Basse Terre volcano, Guadeloupe, that are 547 
thought to be influenced by this fault system [Mathieu et al., 2011]. Faults such as 548 
these likely extend down into the lower crust and upper mantle as a result of slip 549 
partitioning [Bowman et al., 2003; Feuillet et al., 2011]. We hypothesize that local 550 
extension forces may draw up slab-fluid-rich magmas from shallower portions of the 551 
mantle wedge which have not been so heavily influenced by sediment addition or 552 
mantle depletion, and thus yield the geochemical features observed in the SSH, 553 
Redonda and Kahouanne samples (Fig 9). Trace element and isotopic heterogeneities 554 
on the scale of kilometeres have been observed within and across other arcs [Taylor 555 
and Nesbitt, 1998; Ishizuka et al., 2003, 2006; Marske et al., 2011], illustrating that 556 
different subduction derived components can be individually sampled from subjacent 557 
volcanic centres <10km apart. This may be facilitated by transport of slab-derived 558 
components to the mantle wedge by discrete channelized flows [Herbert et al., 2009]. 559 
It may also be that there were phases of SSH-type volcanism earlier in the history of 560 
Montserrat, but that these volcanic products have been buried beneath subsequent 561 
eruptions, or have been eroded away. This hypothesis may be tested by further high 562 
precision and high temporal-spatial resolution isotopic work on other volcanic islands 563 
in the Lesser Antilles that have volcanic centres that lie along these transtensional 564 
faults. 565 
 566 
4.6 Mantle enrichment  567 
 568 
The SSH Pb isotope trend does not point to an Atlantic MORB source, but one 569 
that is slightly more radiogenic (Fig. 7). One possible origin for the enriched mantle 570 
source may be the palaeo-Galapagos hotspot. Duncan and Hargraves [1984] 571 
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suggested that the mantle beneath the Lesser Antilles arc was affected (i.e., enriched) 572 
by the Galapagos mantle plume during the Late Cretaceous when the Caribbean 573 
oceanic plateau was formed, and that this influenced the early stage of formation of 574 
the Lesser Antilles arc [Duncan and Hargraves, 1984; Pindell and Barret, 1990; 575 
Pindell and Kinmann, 2009 and references therein]. Thirlwall et al. [1996] sought to 576 
test this hypothesis and noted that while Sr-Nd isotope ratios in exposed sections of 577 
the Caribbean plateau crust are similar to Atlantic MORB values, Pb isotopes are 578 
substantially more radiogenic. However, they were unable to apply this model to the 579 
Pb isotopic compositions of Grenada rocks because of the high degree of shallow 580 
crustal assimilation. Montserrat volcanics are, however, less affected by crustal 581 
assimilation than Grenada and the SSH magmas in particular lack a strong sediment 582 
component, and may thus preserve an enriched mantle signature. Hence, we propose 583 
that the Galapagos plume is the source for the enriched Pb isotopic end member, 584 
likely captured by slab fluids as they chemically interacted with the enriched mantle 585 
on ascension. As a consequence of this interaction, the Pb isotopes in the fluid would 586 
take on a Galapagos signature while retaining low Ce/Pb values (Fig. 8c),  587 
 588 
5. Summary and conclusions  589 
 590 
The different volcanic centres on Montserrat; the Silver Hills, Centre Hills, 591 
Soufrière Hills and 2 suites of the South Soufrière Hills can be distinguished by 592 
selected geochemical parameters, of which high-precision Pb analyses are the most 593 
effective. These results show that the SSH was active at the same time as Soufriere 594 
Hills, Garabaldi Hill may represent the earliest stage of volcanism (282 ± 8 ka) at the 595 
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current Soufriere Hills volcanic centre and that mafic enclaves from the current period 596 
of Soufriere Hills activity are sourced from the Soufriere Hills volcanic centre. 597 
For a period of ~2 Myr Montserrat has experienced highly consistent isotopic 598 
compositions which was interrupted by a rapid shift in trace element, Pb and Nd 599 
isotopic compositions during the formation of SSH Suites A and B at ~130 ka, 600 
possibly corresponding to regional transtensional tectonics which may have extracted 601 
magma from a shallower source. Subsequent volcanism returned to more consistent 602 
isotopic compositions in the currently active, Soufriere Hills volcano. The 603 
composition of magma sources to the current phases of activity at Soufriere Hills on 604 
Montserrat during the last 15 years has remained fairly stable.  605 
With the use of high-precision Pb isotopes we have shown that Montserrat (and 606 
the Lesser Antilles arc) is not a simple two component system, but is affected by bulk 607 
sediment addition, sediment melt, slab fluids, altered oceanic crust and Galapagos 608 
plume components. The SSH suite on Montserrat has the least radiogenic Pb isotopes 609 
reported from the Lesser Antilles, and represents a distinct composition within this 610 
volcanic arc. This SSH component, together with Redonda and Kahouanne, has a 611 
higher slab-fluid signature than the other volcanic centres, and lacks a sediment melt 612 
component. As such it more closely preserves the mantle wedge composition, which 613 
has been enriched by a Galapagos plume component.  614 
 615 
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Figure captions 937 
 39 
 938 
Figure 1. (a) Insert shows the regional context of the Lesser Antilles arc. (b) Map 939 
showing the volcanic centres on Montserrat and subaerial sample locations (c) 940 
Subaerial and marine contoured map showing local structural features offshore 941 
Montserrat and Redonda adapted from Feuillet et al. [2010; 2011] with marine 942 
sediment cores located. 943 
 944 
Figure 2. Geochemical variation diagrams, used to distinguish the different volcanic 945 
centres. a) and b) use trace elements c) REE trends for the different volcanic centres 946 
normalised to chondrite [Sun and Macdonough, 1989] d) and e) Pb-Pb plots with 947 
trends labelled and fitted by linear regression. One of the Redonda samples (R8202) 948 
was measured by Thirlwall, [2000]. The Lesser Antilles trend is drawn from Pb 949 
isotope data from analyses from the central and northern islands [Labanieh et al., 950 
2010; Davidson and Wilson, 2011], [Toothill et al., 2007] [Lindsay et al., 2005]. All 951 
trends are drawn by linear regression of the data. Δ7/4Pb and Δ8/4Pb are 207Pb/204 and 952 
208
Pb/
204
Pb values calculated relative to the NHRL [Hart, 1984].   953 
 954 
Figure 3. Trace element trends covering the 4 volcanic centres showing the trends 955 
over time..SvH= Silver Hills, CH= Centre Hills, SH= Soufriere Hills, SSH= South 956 
Soufriere Hills with Suites A & B. Note that Soufrière Hills was active before and 957 
after the SSH. Add-on graphs show an expanded trends of the 5 phases from the 958 
current period of activity (1995- 2010) 959 
 960 
Figure 4. Isotopic trends covering the 4 volcanic centres showing the trends over 961 
time. SvH= Silver Hills, CH= Centre Hills, SH= Soufriere Hills, SSH= South 962 
 40 
Soufriere Hills with Suites A & B. Note that Soufrière Hills was active before and 963 
after the SSH. Add-on graphs show an expanded trends of the 5 phases from the 964 
current period of activity (1995- 2010). Note that Soufrière Hills was active before 965 
and after the SSH. 966 
 967 
Figure 5. SiO2 plotted against 
206
Pb/
204
Pb, 
87
Sr/
86
Sr and 
143
Nd/
144
Nd. Isotopic errors 968 
are the same as plotted in Figure 4. 969 
 970 
Figure 6. (La/Sm)N plotted against Nd isotope.  971 
 972 
Figure 7. Pb-Pb plots for the samples from each of the volcanic centres. One of the 973 
Redonda samples (R8202) was measured by Thirlwall, [2000]. Local sediment values 974 
from Plank and Langmuir [1998] and Sites 543 and 144 from Carpentier et al. 975 
[2008]. Central and northern islands data from Martinique and Statia [Labanieh et al., 976 
2010; Davidson and Wilson, 2011], St Kitts [Toothill et al., 2007] and Dominica 977 
[Lindsay et al., 2005- samples re-analysed by Taylor unpublished data]. Atlantic 978 
MORB values from Dosso et al., [1993]; Lawson et al., [1996]; Smith et al., [1998]; 979 
Agranier et al., [2005]; Debaille et al., [2006] and Galapagos plume values from  980 
Kurtz and Geist, [1999]; Saal et al., [2007]. 981 
 982 
Figure 8. a) Th/Nd versus 
143
Nd/
144
Nd for Montserrat volcanics. Mixing lines 983 
between average Depleted MORB Mantle (DMM) and bulk Northern Antilles 984 
sediment, sediment melts and altered oceanic crust fluid are shown. Sediment values 985 
are from Plank and Langmuir [1998], DMM from Workman and Hart [2005], and 986 
Altered oceanic crust from Kelley et al. [2003]; Bach et al. [2003]; Hauff et al. [2003]. 987 
 41 
Average Galapagos values are from Kurtz and Geist, [1999]; Saal et al., [2007]. 988 
Altered oceanic crust fluid component was derived from Dufrane et al. [2009], using 989 
a Rayleigh distillation calculation using an average altered oceanic crust component 990 
from Kelley et al. [2003], assuming a 2% fluid release from an eclogitic residue and 991 
fluid/mineral partition co-efficients from Brenan et al. [1995b]. North Antilles 992 
sediment composition was partially melted (20%) using the 800˚C bulk partition 993 
coefficients from Johnson and Plank [1999] and the batch melting equation from 994 
Shaw [1970]. The mixing lines between DMM and the bulk sediment, partially melted 995 
sediment and altered oceanic crust fluid are labelled in percentages of addition. b) 996 
Th/Nd versus 
206
Pb/
204
Pb for Montserrat magmas, the same mixing lines as for Figure 997 
8a are plotted. c) Ce/Pb versus 
206
Pb/
204
Pb. Modelled mixing lines between altered 998 
oceanic crust fluid and bulk sediment, and between DMM and partial melted 999 
sediment/bulk addition of sediment are shown. The northern and central Lesser 1000 
Antilles islands (Statia, St Kitts, Dominica and Martinique) are plotted (references 1001 
listed in the caption to Figure 7)  1002 
 1003 
Figure 9. Schematic summary diagram suggesting how regional transtension may 1004 
have influenced the chemistry of magmas erupted at Montserrat and Redonda. The 1005 
different subduction components such as slab-fluid and sediment melt, become 1006 
focussed underneath Montserrat and mix in the lower crust, but local extension and 1007 
faulting extract the shallower derived, slab-fluid rich magmas into the SSH volcanic 1008 
centre. SSH= South Soufrière Hills, SvH= Silver Hills and CH= Centre Hills. “T 1009 
Solidus” is the wet solidus of the mantle - marked by the grey dotted line. 1010 
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Table 1 - Major and trace element geochemical data for all samples analysed
Volcanic region: Silver Hills Centre Hills
Latitude 16.8045 16.7994 16.8020 16.8073 16.8117 16.8019 16.8131 16.7062 16.7552 16.7830
Longitude 62.2022 62.1958 62.1928 62.1855 62.1926 62.1947 62.2044 62.1485 62.1679 62.2057
Submarine core I.D.
Sample depth interval (cm)
Samples JB-2 RSD (%) MVO 144 MVO 755 MGEOL 1 MGEOL 5 SilvH3 SilvH4 MGEOL9 MVO 135 MVO 131 MVO 147
Major elements (XRF)
SiO 2 53.72 0.62 57.28 64.06 58.81 60.51 57.28 60.54
TiO 2 1.13 0.14 0.70 0.52 0.57 0.65 0.70 0.51
Al 2O 3 14.78 0.51 17.86 17.47 17.59 16.35 17.86 17.49
Fe 2O 3 14.09 0.80 7.06 5.84 7.60 8.06 7.06 7.02
MnO 0.22 2.08 0.16 0.15 0.19 0.20 0.16 0.15
MgO 4.56 0.88 3.89 1.55 3.47 2.83 3.89 2.59
CaO 9.76 0.41 8.21 5.22 7.47 6.23 8.21 6.61
K 2O 0.41 1.70 0.69 0.84 0.64 0.68 0.69 0.77
Na 2O 2.11 2.49 3.24 3.66 3.06 3.11 3.24 3.44
P 2O 5 0.10 2.15 0.13 0.03 0.10 0.11 0.13 0.10
Totals 100.89 99.22 99.34 99.48 98.72 99.22 99.22
Trace elements (ICP-MS) JA-2 % RSD
Li 30.19 2.42 9.82 9.29
Sc 18.22 0.68 20.77 20.19
Rb 77.24 5.68 15.83 17.63 8.20 15.50 16.40 18.37 22.98 14.54 12.55
Sr 245.80 1.19 223.20 220.90 322.00 202.60 202.90 192.20 219.10 284.00 245.10
Y 17.68 1.66 24.12 23.52 26.02 27.60 27.14 24.04 28.40 23.77 20.51
Zr 120.70 5.06 122.20 97.62 82.82 72.23 105.50 107.39 136.70 78.36 83.94
Nb 8.93 0.59 2.50 2.15 1.77 2.02 2.48 2.12 3.57 2.74 2.58
Cs 5.17 3.58 0.60 0.18 0.04 0.25 0.16 0.26 0.76 0.26 0.45
Ba 319.20 0.92 149.26 140.04 126.81 152.40 152.50 163.81 198.20 148.65 132.65
La 16.00 0.44 9.14 7.78 8.75 8.77 8.70 10.81 12.10 9.45 8.99
Ce 33.28 0.88 22.17 18.93 20.69 19.85 20.62 30.36 28.69 22.90 18.50
Pr 3.81 1.94 2.87 2.52 2.83 2.70 2.89 3.05 3.58 2.85 2.61
Nd 14.47 1.30 13.17 11.25 13.42 11.78 12.64 13.77 16.41 13.07 11.80
Sm 3.11 0.25 3.42 2.95 3.50 2.97 3.31 3.44 4.03 3.33 2.85
Eu 0.90 0.92 1.06 0.93 1.19 0.92 1.02 1.00 1.02 1.02 0.95
Gd 3.02 0.34 3.57 3.17 3.81 3.51 3.68 3.58 4.07 3.42 2.90
Tb 0.48 0.43 0.62 0.56 0.67 0.60 0.64 0.63 0.70 0.59 0.50
Dy 2.90 0.12 3.97 3.63 4.13 3.89 4.08 4.02 4.46 3.72 3.20
Ho 0.59 1.98 0.86 0.79 0.88 0.87 0.89 0.87 0.96 0.81 0.70
Er 1.71 0.20 2.56 2.35 2.62 2.60 2.68 2.58 2.97 2.39 2.10
Tm 0.25 1.63 0.40 0.36 0.40 0.40 0.42 0.41 0.48 0.36 0.33
Yb 1.70 0.61 2.68 2.57 2.65 2.76 2.96 2.78 3.15 2.39 2.36
Lu 0.26 1.33 0.46 0.41 0.42 0.45 0.47 0.47 0.55 0.39 0.40
Hf 2.91 0.41 3.11 2.52 2.27 2.08 2.91 2.97 3.50 2.19 2.12
Pb 2.21 8.83 2.21 2.48 1.34 2.24 2.12 2.99 2.76 3.19 3.09
Th 4.85 2.17 2.25 1.76 1.48 1.83 2.37 2.53 3.08 2.02 1.99
U 2.26 1.76 0.60 0.57 0.24 0.60 0.80 0.57 1.10 0.53 0.62
SSH Suite A
16.7691 16.7745 16.7874 16.7962 16.7226 16.7358 16.6761 16.6761 16.6775 16.6933 16.7358 16.6761 16.7358 16.6431
62.1735 62.1705 62.2089 62.2100 62.2397 62.3491 62.3272 62.3272 62.1804 62.1484 62.3491 62.3272 62.3491 62.3017
JR123-1 JR123-2 JR123-2 JR123-1 JR123-2 JR123-1 JR123-4
388-389 272-273 265-266 388-389 272-273 181-182 63-64
MVO 809 MVO 831 CH1 CH2 Brands MC08A MC02A MC01G SSH2C MVO 830 MC08G MC02G MC07A MC18A
57.03 60.76 53.33 55.85 52.79 52.99 51.71
0.66 0.57 0.68 0.69 0.62 0.92 0.83
18.87 17.21 18.84 17.44 17.50 18.50 19.08
7.32 6.15 9.95 10.14 10.88 9.84 9.45
0.19 0.17 0.25 0.27 0.32 0.19 0.16
3.40 2.90 4.42 4.27 5.16 4.90 4.82
7.83 6.98 8.95 7.60 8.65 9.33 10.20
0.42 0.76 0.33 0.41 0.31 0.64 0.61
3.32 3.67 2.89 3.08 2.76 2.97 3.03
0.16 0.15 0.09 0.17 0.19 0.20 0.11
99.20 99.32 99.72 99.92 99.17 100.48 100.00
7.19 8.36 5.81 7.37 9.69 7.77 5.25 6.48 7.40 9.79 8.88
19.74 19.34 19.94 41.43 21.02 27.63 17.96 39.72 27.69 33.76 28.12
5.35 17.36 6.50 9.14 5.42 7.73 10.95 7.84 8.68 6.55 8.22 11.31 10.19
261.10 225.50 292.70 257.50 262.70 223.89 248.50 293.90 237.50 219.85 199.90 242.43 299.78
22.18 27.79 14.13 22.18 15.97 22.29 22.08 21.33 16.70 21.16 19.64 25.18 16.80
108.48 141.46 44.98 77.97 37.70 59.24 74.07 62.59 57.29 54.30 59.43 79.46 49.51
2.60 3.50 1.83 2.38 1.44 1.28 1.80 1.14 4.39 1.04 1.57 1.79 1.38
0.21 0.52 0.23 0.31 0.19 0.25 0.36 0.27 0.23 0.22 0.28 0.39 0.27
99.16 202.33 88.12 110.60 74.16 96.30 127.00 96.20 116.40 78.04 93.62 128.11 126.43
8.10 12.40 6.02 8.93 5.97 4.79 6.40 5.29 7.40 4.26 4.96 6.44 5.42
22.88 29.43 12.60 18.94 14.01 11.85 14.72 12.93 16.37 10.79 11.52 15.34 12.69
2.66 3.60 1.81 2.97 1.99 1.79 2.23 1.92 2.26 1.65 1.79 2.22 1.77
12.70 16.12 7.80 12.98 8.99 8.72 10.26 9.07 9.88 8.10 8.40 10.38 8.02
3.31 3.85 1.93 3.20 2.29 2.58 2.77 2.55 2.43 2.44 2.38 2.93 2.19
1.09 1.07 0.88 1.03 0.91 0.91 0.97 0.98 0.83 0.89 0.84 1.02 0.84
3.36 3.78 2.09 3.38 2.54 3.20 3.18 3.09 2.63 3.07 2.85 3.58 2.54
0.57 0.65 0.35 0.56 0.42 0.54 0.53 0.51 0.42 0.52 0.48 0.60 0.42
3.54 4.21 2.24 3.55 2.63 3.53 3.47 3.32 2.60 3.36 3.17 3.90 2.67
0.75 0.90 0.48 0.75 0.57 0.76 0.76 0.71 0.55 0.72 0.70 0.85 0.57
2.23 2.71 1.45 2.23 1.67 2.24 2.26 2.13 1.58 2.13 2.04 2.51 1.69
0.34 0.43 0.23 0.35 0.26 0.34 0.34 0.32 0.24 0.32 0.30 0.39 0.26
2.32 2.95 1.65 2.46 1.86 2.32 2.39 2.20 1.61 2.19 2.13 2.62 1.74
0.37 0.47 0.27 0.39 0.30 0.36 0.38 0.35 0.25 0.34 0.33 0.41 0.27
2.60 3.59 1.23 2.05 1.08 1.59 1.98 1.64 1.51 1.47 1.64 2.05 1.37
2.88 2.20 2.00 1.58 1.75 5.88 3.72 6.11 3.35 6.47 3.34 10.66 5.26
1.83 3.30 0.99 1.46 0.80 0.77 1.15 0.83 1.57 0.65 0.89 1.19 1.21
0.30 1.04 0.32 0.45 0.26 0.32 0.57 0.33 0.43 0.29 0.53 0.46 0.39
SSH Suite B
16.6108 16.6431 16.6108 16.7358 16.5833 16.6762 16.6913 16.6913 16.6922 16.6930 16.6431 16.6431 16.5833 16.5750
62.1881 62.3017 62.1881 62.3491 62.1522 62.1682 62.1486 62.1486 62.1479 62.1489 62.3017 62.3017 62.1522 62.0894
JR123-45 JR123-4 JR123-45 JR123-1 JR123-46 JR123-4 JR123-4 JR123-46 JR123-47
148-150 63-64 148-150 181-182 165-166 9394 124-125 187-188 384-385
MC09A MC18G MC09G MC07G MC10G SSH4 SSH5B SSH5Ci SSH10 SSH11 MC03G MC06G MC11G MC12G
50.87 58.77 56.12 62.72 49.29
0.87 0.59 0.63 0.40 0.85
19.20 17.95 18.57 16.45 20.87
9.58 7.58 8.12 5.54 9.82
0.18 0.19 0.19 0.18 0.17
4.83 3.19 3.19 2.41 4.77
10.65 7.27 8.16 6.56 11.03
0.69 0.60 0.54 0.96 0.46
2.73 3.52 3.29 4.13 2.48
0.13 0.15 0.17 0.10 0.11
99.73 99.81 98.98 99.45 99.85
12.54 8.34 7.54 9.00 7.22 6.20 8.63 8.19 4.33 5.65 3.89 4.88 4.25 4.22
35.83 33.20 55.58 35.80 31.17 32.75 16.53 15.18 41.69 37.79 68.84 54.27 58.93 60.84
7.52 7.30 7.89 10.51 7.83 7.99 11.00 9.95 5.53 5.55 4.05 4.99 5.49 5.05
259.20 271.97 212.26 237.40 283.04 540.80 260.30 305.20 394.70 430.20 314.00 461.80 402.23 385.47
16.90 22.37 22.99 23.31 21.01 17.71 20.68 22.88 20.18 20.20 18.76 17.50 17.22 19.22
49.04 64.93 55.19 70.94 61.38 61.17 89.96 89.40 41.00 39.13 35.47 37.43 39.67 39.27
1.00 1.48 1.15 1.58 1.25 2.31 2.10 2.08 0.90 0.88 0.81 1.09 0.86 0.83
0.23 0.25 0.25 0.34 0.26 0.19 0.30 0.32 0.08 0.14 0.10 0.12 0.13 0.13
94.24 93.43 82.43 115.80 94.58 128.20 168.00 133.40 104.70 112.80 73.45 90.69 99.14 117.01
4.38 5.68 4.45 5.84 5.15 8.31 7.75 8.29 3.62 4.13 3.15 3.40 3.49 3.42
10.34 13.98 11.18 14.04 12.58 18.79 17.60 19.27 9.17 9.56 7.98 8.57 8.95 8.85
1.50 2.05 1.70 2.05 1.85 2.60 2.50 2.74 1.49 1.66 1.36 1.44 1.40 1.43
6.95 9.62 8.35 9.60 8.78 11.38 11.03 12.21 7.53 8.15 7.05 7.19 7.06 7.38
1.99 2.74 2.56 2.74 2.49 2.68 2.76 3.11 2.35 2.50 2.31 2.26 2.18 2.35
0.81 1.01 0.91 0.98 0.94 0.94 0.94 1.07 0.88 0.92 0.80 0.87 0.84 0.88
2.46 3.31 3.35 3.37 3.04 2.92 2.97 3.38 2.86 2.97 2.90 2.75 2.74 3.00
0.41 0.55 0.57 0.56 0.51 0.47 0.51 0.57 0.49 0.50 0.49 0.46 0.45 0.50
2.69 3.49 3.70 3.65 3.31 3.00 3.19 3.60 3.15 3.23 3.23 3.01 2.89 3.21
0.58 0.75 0.79 0.79 0.71 0.63 0.69 0.77 0.68 0.68 0.70 0.65 0.61 0.68
1.71 2.22 2.31 2.35 2.09 1.80 2.07 2.29 1.94 1.98 1.99 1.86 1.75 1.96
0.26 0.34 0.35 0.36 0.32 0.27 0.32 0.36 0.29 0.30 0.28 0.26 0.25 0.29
1.81 2.31 2.36 2.47 2.17 1.77 2.27 2.48 1.94 1.95 1.89 1.76 1.67 1.86
0.28 0.36 0.36 0.38 0.34 0.27 0.37 0.39 0.30 0.29 0.28 0.26 0.25 0.27
1.31 1.71 1.52 1.88 1.62 1.73 2.25 2.26 1.24 1.21 1.15 1.17 1.19 1.21
8.29 6.50 4.89 6.63 9.16 1.82 3.05 3.03 2.35 2.37 2.10 2.77 7.38 6.47
0.78 0.94 0.74 1.07 0.84 1.81 1.26 1.26 0.57 0.71 0.51 0.52 0.57 0.50
0.29 0.33 0.28 0.41 0.33 0.56 0.45 0.43 0.29 0.24 0.34 0.42 0.29 0.28
Soufrière Hills 
16.5833 16.6770 16.6760 16.6761 16.7126 16.7399 16.7152 16.7103 16.7145 16.7351 16.7334 16.7064 16.1550 16.7223
62.1522 62.1628 62.1692 62.3272 62.1711 62.1527 62.1885 62.1616 62.1526 62.2329 62.1549 62.1831 62.7134 62.1545
JR123-46 JR123-2
187-188 17-18
MC11A MVO 791 SSH3 MC13A MVO 104 MVO 127 MVO 152 MVO 154 MVO 777 MVO 785 MVO 819 MVO692 MVO775 MVO1209
49.44 49.22 58.37 59.69 58.60 59.74 61.40 63.79 59.96 60.17 58.13 59.30
0.82 1.00 0.69 0.62 0.61 0.65 0.54 0.45 0.56 0.60 0.62 0.53
19.95 18.67 17.75 17.83 17.68 18.02 17.38 16.82 17.68 16.61 18.43 18.21
10.01 10.90 7.99 6.76 7.41 7.12 6.30 5.67 6.75 7.95 8.31 7.30
0.17 0.18 0.18 0.16 0.17 0.17 0.16 0.16 0.17 0.19 0.21 0.19
5.50 5.93 3.19 2.99 4.14 3.05 2.66 2.25 2.91 2.79 2.98 2.93
11.02 10.93 7.84 7.41 6.94 6.70 6.72 6.00 7.27 5.97 7.57 7.62
0.58 0.63 0.68 0.87 0.88 0.84 0.93 1.02 0.88 0.81 0.68 0.75
2.42 2.45 3.18 3.53 3.42 3.57 3.75 3.71 3.71 3.21 3.39 3.47
0.09 0.12 0.15 0.14 0.15 0.14 0.15 0.13 0.12 0.12 0.14 0.12
100.00 100.03 100.02 100.00 100.00 100.00 99.99 100.00 100.01 98.41 100.46 100.42
4.64 4.58 14.35 9.26 7.83 12.67
43.46 41.10 12.59 12.73 10.35 12.43
7.45 5.17 6.10 18.46 18.65 20.13 18.94 16.68 20.57 19.96 16.59 11.89 13.06 16.08
374.94 499.90 450.70 285.98 305.60 238.50 295.30 250.10 270.20 316.00 306.50 244.10 267.80 273.90
13.43 18.40 18.21 23.23 20.00 20.20 22.70 24.50 19.90 19.60 18.40 20.62 15.48 19.86
32.60 41.10 40.81 83.51 91.60 76.90 105.80 108.70 86.60 49.90 72.00 85.90 73.10 76.04
0.80 0.84 0.74 3.36 3.20 2.96 3.82 4.96 3.51 3.50 2.70 3.45 2.65 2.68
0.16 0.13 0.13 0.56 0.63 0.66 0.32 0.10 0.35 0.55 0.64 0.29 0.43 0.54
81.88 84.50 90.50 242.64 201.30 236.80 240.20 274.80 286.60 242.70 223.90 236.90 164.30 188.10
2.91 3.82 4.10 11.00 10.33 10.51 12.13 8.17 12.79 12.07 9.97 12.33 8.56 9.78
7.30 10.11 10.40 24.25 24.91 23.56 27.85 20.16 28.25 27.97 22.02 26.41 18.30 21.18
1.12 1.46 1.66 3.16 2.80 2.90 3.19 2.59 3.36 3.34 2.56 3.49 2.37 2.77
5.47 7.52 7.84 13.23 12.09 12.83 13.84 12.21 14.37 14.39 10.60 14.17 9.75 11.61
1.71 2.26 2.47 3.17 2.79 3.09 3.24 3.22 3.15 3.23 2.51 3.17 2.22 2.73
0.62 0.87 0.89 1.06 1.02 0.99 1.02 1.13 0.98 0.98 0.88 0.99 0.82 0.97
2.09 2.72 2.93 3.43 2.82 3.21 3.26 3.35 3.11 3.12 2.54 3.17 2.30 2.88
0.35 0.48 0.51 0.55 0.48 0.54 0.56 0.58 0.52 0.50 0.44 0.52 0.38 0.48
2.24 3.01 3.34 3.49 3.00 3.48 3.62 3.77 3.21 3.06 2.79 3.24 2.35 3.02
0.47 0.65 0.71 0.74 0.66 0.75 0.77 0.81 0.69 0.64 0.59 0.69 0.51 0.66
1.37 1.88 1.97 2.25 1.96 2.24 2.30 2.46 2.11 1.89 1.79 2.04 1.53 1.97
0.20 0.28 0.31 0.36 0.31 0.35 0.36 0.40 0.33 0.30 0.27 0.33 0.25 0.31
1.33 1.73 1.88 2.52 2.16 2.39 2.48 2.73 2.25 1.96 1.85 2.27 1.73 2.22
0.20 0.25 0.30 0.40 0.34 0.40 0.40 0.45 0.39 0.32 0.30 0.37 0.28 0.35
1.02 1.18 1.17 2.28 2.31 2.27 2.70 2.85 2.47 1.66 2.02 2.31 1.90 2.09
4.98 1.80 2.08 10.94 2.88 3.16 3.31 4.32 2.87 3.85 3.06 7.26 2.13 2.64
0.65 0.49 0.59 2.73 2.78 3.18 3.48 3.43 2.81 2.54 3.10 2.78 1.85 2.28
0.27 0.27 0.29 0.85 0.90 0.97 1.08 1.05 0.64 0.60 0.95 0.86 0.59 0.70
16.7257 16.7588 16.7531 16.7202 16.6775 16.6913 16.7185 16.7187 16.7323 16.7351 16.6989 16.6913 16.6913 16.6910
62.1548 62.1553 62.1578 62.2007 62.1804 62.1486 62.2063 62.2061 62.2277 62.2328 62.1447 62.1486 62.1486 62.1490
MVO1329 MVO1547 MVO1587 MVO 1532 SSH2bi SSH5Cii StG1 StG2 Gara1 Gara4 MVO 136 SSH5A SSH5D SSH6A
58.85 56.43 53.55 55.23 52.52 53.82 56.71 56.70 63.40 57.87 53.73 64.07 54.54 53.27
0.61 0.67 0.81 0.54 0.83 0.75 0.68 0.73 0.62 0.58 0.75 0.50 0.62 0.62
19.16 18.96 18.89 21.24 19.38 18.24 18.17 18.08 16.57 18.96 18.89 16.04 20.27 20.10
7.65 8.36 9.40 6.64 8.73 10.15 9.01 9.09 6.75 7.04 8.72 5.94 7.60 8.28
0.18 0.20 0.20 0.15 0.17 0.22 0.23 0.21 0.12 0.15 0.16 0.14 0.17 0.19
2.72 2.93 4.22 2.65 4.62 4.16 3.45 3.06 2.14 3.18 4.30 2.11 3.36 3.50
8.25 8.31 9.44 9.36 10.33 8.64 7.60 7.36 6.31 8.34 9.53 5.79 9.80 9.60
0.71 0.58 0.54 0.47 0.57 0.44 0.60 0.70 1.05 0.70 0.76 1.15 0.78 0.39
3.53 3.37 2.85 3.44 3.02 2.84 3.19 3.32 3.56 2.91 3.06 3.50 2.59 2.82
0.13 0.14 0.12 0.11 0.12 0.14 0.19 0.24 0.15 0.16 0.10 0.10 0.08 0.13
101.77 99.94 100.01 99.84 100.29 99.40 99.82 99.49 100.67 99.89 100.00 99.34 99.80 98.91
12.19 11.63 10.78 9.88 8.33 7.33 12.93 11.19 10.40 5.61 16.65 11.60 8.01
13.13 13.34 25.67 13.15 32.16 18.41 14.23 15.84 14.34 20.56 11.62 18.51 17.74
15.44 11.44 10.59 10.23 12.40 8.04 13.90 11.62 19.63 11.26 14.82 24.55 16.07 7.25
307.20 293.30 293.80 336.30 354.10 307.40 291.20 280.80 225.10 445.20 325.90 216.10 287.40 351.40
17.48 17.28 22.45 13.39 19.54 20.51 21.96 21.31 27.70 17.75 18.00 19.33 13.46 19.57
72.55 58.06 66.46 45.87 62.76 74.58 74.53 81.45 134.90 77.49 63.50 94.18 57.65 67.97
2.70 2.33 2.25 1.80 4.68 1.78 3.13 3.08 3.80 2.10 1.81 3.32 2.14 1.63
0.51 0.37 0.36 0.34 0.45 0.27 0.43 0.37 0.22 0.19 0.24 0.37 0.21 0.24
182.70 154.90 134.00 143.30 146.60 110.40 191.70 161.00 235.60 150.10 181.60 286.30 147.30 103.40
9.65 8.50 7.60 7.29 7.38 6.98 10.79 8.64 13.12 8.07 6.91 11.64 6.71 6.55
20.58 18.46 17.51 15.44 16.30 16.31 23.45 20.39 28.37 18.36 15.97 23.95 13.80 15.23
2.66 2.43 2.46 2.01 2.28 2.35 3.09 2.65 3.82 2.51 2.00 3.01 1.80 2.19
10.86 10.33 10.97 8.32 10.32 10.62 12.92 11.47 16.04 10.73 9.25 11.95 7.43 9.91
2.46 2.44 2.87 1.90 2.76 2.75 3.02 2.83 3.80 2.65 2.45 2.72 1.80 2.60
0.96 0.93 1.00 0.92 1.13 0.98 1.02 1.00 1.09 0.90 0.86 0.85 0.76 0.98
2.53 2.58 3.26 2.04 3.02 3.04 3.24 3.03 4.06 2.77 2.78 2.80 1.96 2.84
0.42 0.43 0.54 0.33 0.50 0.51 0.54 0.51 0.68 0.46 0.48 0.46 0.33 0.48
2.65 2.68 3.50 2.12 3.18 3.25 3.36 3.21 4.27 2.82 3.05 2.93 2.10 3.04
0.57 0.58 0.75 0.46 0.67 0.69 0.72 0.69 0.92 0.59 0.67 0.63 0.45 0.65
1.71 1.73 2.23 1.35 1.94 2.06 2.15 2.10 2.76 1.72 1.94 1.92 1.35 1.93
0.28 0.27 0.34 0.21 0.30 0.32 0.34 0.33 0.43 0.26 0.30 0.30 0.21 0.30
1.93 1.90 2.36 1.50 1.99 2.23 2.34 2.31 2.96 1.79 1.95 2.17 1.54 2.07
0.31 0.30 0.37 0.24 0.31 0.35 0.37 0.37 0.46 0.28 0.31 0.35 0.25 0.33
1.95 1.63 1.82 1.32 1.71 1.92 2.06 2.20 3.50 2.07 1.86 2.59 1.59 1.75
2.89 2.56 3.07 2.31 1.82 2.54 3.76 3.24 3.36 3.86 3.52 3.64 2.32 2.38
2.20 1.68 1.54 1.49 1.61 1.02 2.11 1.97 3.42 2.04 2.25 3.68 1.82 0.96
0.68 0.53 0.48 0.44 0.45 0.34 0.73 0.57 1.17 0.73 0.80 1.10 0.54 0.31
16.6775 16.3764 16.9432
62.1800 61.5770 62.3447
JR123-11
159-161
SSH2bii KAH01    Red01    
53.28 50.64 49.83
0.84 0.85 0.82
18.20 18.05 19.21
9.09 11.23 11.00
0.18 0.22 0.19
4.52 6.08 6.11
9.17 10.50 10.45
0.64 0.42 0.47
3.10 2.41 2.16
0.19 0.17 0.22
99.20 100.56 100.47
8.94 5.57 2.83
25.79 22.25 30.29
12.90 5.14 3.31
329.60 297.10 419.40
25.20 12.72 12.34
83.35 37.16 34.79
4.55 1.92 0.59
0.41 0.14 0.07
169.50 81.89 52.82
10.33 4.96 3.71
23.13 11.46 8.64
3.22 1.59 1.27
14.23 7.12 5.88
3.58 1.80 1.54
1.18 0.68 0.58
3.86 1.97 1.77
0.63 0.33 0.30
3.92 2.05 1.94
0.84 0.44 0.42
2.46 1.27 1.24
0.37 0.19 0.19
2.52 1.31 1.22
0.39 0.20 0.19
2.19 1.04 1.02
2.97 1.60 1.52
1.95 0.83 0.78
0.59 0.26 0.33
Table 2 - Isotopic geochemical data table for all samples analysed
Volcanic region Samples Longitude Latitude Core I.D. Sample depth
87
Sr/
86
Sr SE
143
Nd/
144
Nd SE
206
Pb/
204
Pb SE
207
Pb/
204
Pb
Silver Hills MVO 144 16.8045 62.2022 0.703593 10 0.512981 6 19.0525 13 15.6659
MVO 755 16.7994 62.1958 0.703678 13 0.512975 5 19.0381 9 15.6646
MGEOL 1 16.8020 62.1928 0.703626 11 0.512995 5 19.0430 9 15.6674
MGEOL 5 16.8073 62.1855 0.703570 11 19.0364 9 15.6612
SilvH3 16.8117 62.1926 0.703631 6 19.0344 24 15.6669
MGEOL9 16.8131 62.2044 0.703662 17 0.512990 12 19.0448 12 15.6648
Centre Hills MVO 135 16.7062 62.1485 0.703599 12 0.512961 7 19.0398 10 15.6632
MVO 131 16.7552 62.1679 0.703608 11 0.512945 6 19.0442 23 15.6628
MVO 147 16.7830 62.2057 0.703673 11 19.0393 14 15.6631
MVO 809 16.7691 62.1735 0.703652 10 0.512961 5 19.0359 10 15.6614
MVO 831 16.7745 62.1705 0.703630 14 0.512943 7 19.0447 16 15.6618
CH2 16.7962 62.2100 0.703591 7 0.512967 8 19.0436 19 15.6677
Brands 16.7226 62.2397 19.0426 17 15.6662
SSH Suite A MC02A 16.6761 62.3272 JR123-2 272-273 0.703499 78 18.9244 21 15.6324
MC01G 16.6761 62.3272 JR123-2 265-266 0.703641 8 18.9422 23 15.6356
MVO 830 16.6933 62.1484 0.703682 9 0.512981 14 18.9428 14 15.6222
MC08G 16.7358 62.3491 JR123-1 388-389 0.703624 9 18.9259 31 15.6257
MC02G 16.6761 62.3272 JR123-2 272-273 0.703657 8 18.9374 33 15.6383
MVO 1099 16.6881 62.1839 0.703654 9 0.512993 18.9373 17 15.6231
MC07A 16.7358 62.3491 JR123-1 181-182 0.703609 9 18.9087 21 15.6213
MC18A 16.6431 62.3017 JR123-4 63-64 0.703631 9 18.9115 28 15.6215
MC09A 16.6108 62.1881 JR123-45 148-150 0.703636
MC18G 16.6431 62.3017 JR123-4 63-64 18.9489 25 15.6315
MC09G 16.6108 62.1881 JR123-45 148-150 0.703660 12 18.9241 18 15.6262
MC07G 16.7358 62.3491 JR123-1 181-182 0.703614 10 18.9161 23 15.6238
SSH5B 16.6913 62.1486 0.703756 35 0.512938 8 18.8937 27 15.6368
SSH5Bb 16.6913 62.1486 18.8809 24 15.6303
SSH Suite B SSH10 16.6922 62.1479 0.703601 13 0.513017 7 18.8803 25 15.6018
SSH11 16.6930 62.1489 0.703623 7 0.512997 5 18.8909 31 15.6137
MC03G 16.6431 62.3017 JR123-4 9394 0.703590 11 18.8732 23 15.5860
MC06G 16.6431 62.3017 JR123-4 124-125 0.703691 7 18.9098 18 15.6094
MC11G 16.5833 62.1522 JR123-46 187-188 0.703515 34 18.8761 31 15.5926
MC12G 16.5750 62.0894 JR123-47 384-385 18.8728 25 15.5887
MC03 [A] 16.6431 62.3017 JR123-4 9394 18.8815 21 15.5898
MC06 [A] 16.6431 62.3017 JR123-4 124-125 18.8881 26 15.6019
MVO 791 16.6770 62.1628 0.703548 12 0.513007 6 18.9019 27 15.6082
SSH3 16.6760 62.1692 0.512989 9 18.8736 27 15.6027
Soufrière Hills MC13A 16.6761 62.3272 JR123-2 17-18 0.703550 9 18.9804 24 15.6397
MVO 104 16.7126 62.1711 0.703613 11 0.512969 19.0240 60 15.6597
MVO 127 16.7399 62.1527 0.703600 10 0.512964 18.9927 13 15.6523
MVO 152 16.7152 62.1885 0.703635 9 0.512964 18.9936 11 15.6506
MVO 154 16.7103 62.1616 0.703647 11 0.512970 18.9933 13 15.6486
MVO 777 16.7145 62.1526 0.703579 11 0.512969 18.9945 15 15.6464
MVO 785 16.7351 62.2329 0.703572 10 0.512969 19.0193 27 15.6519
MVO 819 16.7334 62.1549 0.703635 13 0.512963 19.0230 16 15.6561
MVO692 16.7064 62.1831 0.703617 6 0.512949 32 18.9971 31 15.6498
MVO775 16.1550 62.7134 0.703574 6 0.512976 9 18.9932 17 15.6508
MVO1209 16.7223 62.1545 0.512963 5 19.0114 16 15.6519
MVO1329 16.7257 62.1548 0.703598 7 0.512939 10 19.0131 20 15.6547
MVO1547 16.7588 62.1553 0.512960 7 18.9958 15 15.6480
MVO1587 16.7531 62.1578 0.703608 8 0.512941 8 19.0123 24 15.6506
MVO 1532 16.7202 62.2007 0.703604 12 0.512978 9 19.0110 20 15.6549
SSH5Cii 16.6913 62.1486 18.9781 26 15.6491
SSH2bi 16.6775 62.1804 19.0022 18 15.6531
StG1 16.7185 62.2063 0.703593 7 0.512938 10 18.9982 36 15.6505
MVO 136 16.6989 62.1447 0.703634 11 0.512982 17 18.9947 12 15.6443
SSH5A 16.6913 62.1486 19.0032 23 15.6487
SSH5D 16.6913 62.1486 0.512951 7 19.0112 30 15.6530
SSH6A 16.6910 62.1490 0.703788 11 18.9815 26 15.6525
KAH01    16.3764 61.5770 JR123-11 159-161 18.9428 11 15.6385
Red01    16.9432 62.3447 18.8854 11 15.6008
SE
208
Pb/
204
Pb SE Δ8/4 Pb Δ7/4 Pb
12 38.7876 38 12.6 11.0
8 38.7739 24 13.0 11.0
8 38.7825 25 13.3 11.2
8 38.7665 25 12.5 10.7
22 38.7655 70 12.59 11.26
11 38.7812 35 12.9 10.9
9 38.7777 28 13.2 10.8
21 38.7748 66 12.3 10.7
13 38.7739 40 12.8 10.8
9 38.7699 28 12.9 10.7
14 38.7755 45 12.3 10.6
17 38.7890 54 13.82 11.24
16 38.7800 49 13.05 11.10
18 38.6163 58 11.0 9.0
21 38.6378 63 11.0 9.1
13 38.6190 41 9.0 7.8
32 38.6056 80 9.7 8.3
30 38.6398 94 11.8 9.5
16 38.6162 49 9.4 7.9
28 38.5792 65 9.2 8.1
31 38.5848 72 9.4 8.0
25 38.6331 58 9.7 8.6
15 38.6039 45 9.8 8.4
29 38.5919 68 9.5 8.2
25 38.6025 79 13.30 9.77
25 38.5754 58 12.14 9.26
24 38.5190 74 6.57 6.42
28 38.5547 89 8.85 7.50
19 38.4923 69 4.8 4.9
21 38.5785 45 9.0 6.9
28 38.5066 77 5.8 5.5
25 38.4962 60 5.2 5.2
31 38.5066 71 5.2 5.2
32 38.5364 80 7.4 6.3
21 38.5660 77 8.7 6.8
25 38.5240 79 7.88 6.58
26 38.6770 71 10.3 9.1
55 38.7502 172 12.3 10.7
12 38.7228 37 13.4 10.2
10 38.7166 52 12.6 10.1
12 38.7123 37 12.2 9.9
14 38.7127 43 12.1 9.6
25 38.7367 78 11.5 9.9
15 38.7545 46 12.9 10.3
28 38.7155 89 12.10 9.96
16 38.7127 50 12.29 10.10
15 38.7292 46 11.74 10.00
23 38.7367 65 12.28 10.26
14 38.7064 45 11.34 9.79
22 38.7232 70 11.04 9.87
19 38.7327 58 12.14 10.32
25 38.6989 61 12.74 10.09
15 38.7210 65 12.0 10.2
33 38.7165 105 12.07 10.01
11 38.7059 35 11.4 9.4
21 38.7151 67 11.32 9.78
28 38.7322 87 12.06 10.12
24 38.7085 76 13.28 10.39
10 38.6455 31 11.67 9.41
10 38.5414 31 8.20 6.27
